Quenching rates have been measured for selected metastable levels of Ar~+ ions (q =2, 3, 9, and 10) stored in a Kingdon ion trap, with mean energies of 262q eV and 181q eV. Elective quenching cross sections derived from these rates are found to be comparable to electron-capture cross sections of Ar~+-Ar collisions studied independently using ion-beam techniques. This implies that quenching is dominated by electron-capture collisions which change the ion charge state.
I. INTRODUCTION An increasing amount of work has been recently done on the collisions of multiply charged ions which have kinetic energies less than 1 a.u. [1] . These collisions are significant processes in astrophysical and controlled fusion plasmas, and have recently become necessary for the measurement and analysis of the lifetimes of metastable levels of highly charged ions conSned in ion traps [2] .
Electron capture and transfer ionization are the most important collision processes which change the charge of an ion at these energies, but other collisions such as charge stripping also occur with much lower cross section [3] .
In basic terms, electron transfer has been successfully analyzed using extended forms [4, 5] of the classical overbarrier model [6] and much work has been done on twoelectron targets such as He and Hz [1] . For the many- electron targets used in the recent metastable quenching studies, fewer measurements have been completed, but a basic understanding has nonetheless emerged. Vancura et al. [7] have studied the Ar~+-Ar electron-transfer collision for 8~q~16, and this collision was earlier investigated by Klinger , Miiller, and Salzborn [8] for 2 & q &7, Aubert et al. [9] for 2~q + 12, and Barany et al. [4] for 4~q & 8. Typically, only one or two electrons are gained by the projectile ions, although highly charged recoil ions are produced [10] . The cross section for single-electron capture is two to three times that for double-electron capture, and, for example, the total capture cross section for Ar + on Ar was about 10 ' cm, with a weak energy dependence between 0. 4q and 2.7q keV [11] . Work by Hoekstra et al. [12] investigated the question of the in6uence of the projectile core electrons on singleelectron capture. Using a Li target, fully stripped B +, H-like C +, and He-like N + ions all had the same single-electron-capture cross section between 2 and 8 keV/u. The cross section for Be-like Ne + difFered from that of fully stripped C +, but no explanation for the difference was offered.
At very low energies, electron transfer is analyzed in terms of the potential-energy surfaces of a quasimolecule formed during the collision [13] . Under [14] [15] [16] and analyzed using LandauZener theory, based on the crossings of potential-energy levels of the qua simolecular collision system. This analysis has also proved effective in the study of angular distributions of Are -Ar collisions [17] . Total cross sections for electron capture in Ar ++Ar and Ar~+-Ar collisions were obtained from these angular distributions [18] . The The end plates were operated at a potential 400 V higher, to confine the ions near the trap center, and the wire potential V was initially near the cylinder potential. When V was pulsed rapidly (=300 ns) to zero, ions inside the trap structure were captured. After a predetermined storage time, the wire potential was allowed to slowly ( =10 ms) increase back to Vo. During the storage interval, photons emitted in the decay of a metastable level, and collected by a quartz optical system" were selected in wavelength with an interference filter, and detected using a photomultiplier tube. Also during the storage interval, some ions were observed to escape the trap to the particle detector. The signals were averaged over many cycles.
To determine the rate of metastable quenching, the photon signal was collected vs storage time over a range of fixed pressures of Ar target gas, which was admitted through a leak valve from a bakable gas-handling system.
The photon decay data were fitted to a sum of two exponentials plus a constant background. There was an initial decrease in intensity with a short time constant, ob- applies [24] , but is much more difficult to evaluate. In electron-transfer studies, carried out earlier in a Kingdon In the earlier Kingdon trap, electron-transfer measurements of Prior, Marrus, and Vane [22] , the ions were detected using charge-to-mass selection provided by a quadrupole mass analyzer. Stored product ions accumulating in any charge state would have caused a departure from a single-exponential ion loss rate, which was not ob- [26] , and with the observations of the independence of capture cross sections of the presence of core electrons [12] . In the classica) overbarrier model, the electrons are transferred at relatively large distance into excited states of the ion, which depend on the charge state but are not strongly dependent on the core configuration.
The Ar +('So} results remain to be considered. The quenching cross sections are 8.64X10 ' cm at 375 eV and 8.2X 10 ' cm at 500 eV, considerably smaller than the Ar + cross sections. These are both significantly higher than a measured single capture cross section of 2.6 X 10 ' cm at 1.2 keV but a clear energy dependence was observed for this collision [9] . At these lower energies, both the quenching and electron-transfer cross sections are likely to be energy and level dependent. The level dependences of the Ar + charge-transfer collisions at still lower energies have been studied [27] 
